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Abstract 
This research focuses on analyzing the spatial patterns and driving forces of built-up 
expansion in Beijing during 1999-2013. During this period, land leasing by the local government 
and the decentralization strategy in urban planning facilitates land development on the urban 
fringe. In order to investigate the spatial patterns of the expansion of urban built-up area and to 
unfold the relationship between non-urban to urban conversion and the selected explanatory 
factors, remote sensing data, GIS and statistic tools are utilized. First, sector and concentric circle 
analysis reveals that within the study time frame, Beijing extends greatly to the northeast and 
southeast, which is driven by the economic growth opportunities in these areas, especially the 
designation of CBD and Development Zones. Second, this research uses the classic logistic 
regression and the Geographically Weighted Logistic Regression (GWLR) model as statistic 
tools to further explain the relations between urban expansion and factors from three categories, 
natural environment, proximity to centers and transportation, and socioeconomic status. 
According to the results, the distance to CBD, distance to sub-centers, and distance to main roads 
are proved to be influential factors during the study time frame. The regression results also 
unveil that the population growth is in line with the urban expansion, indicating the interactions 
between population dynamics and the change of urban form. In addition, spatially varying 
relationships are examined through mapping the local parameter estimates of the GWLR model. 
Each factor has various significance and parameter estimates over space and different urban 
development modes are found in different areas of the city. 
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1. Introduction  
1.1 Research Background 
The rapid urbanization process has largely shaped the landscape in China since the market 
reform in the late 1970s. The percentage of urban population countrywide rises from 19.4% in 
1980 to 58.0% in 2017, according to the World Bank. Since the beginning of the 20th century, the 
world, especially the developing countries, has witnessed a rapid urbanization process. The 
urbanization in China is also accelerated and the annual percentage change in urban population 
jumped into a higher stage (Figure 1-1).  
 
Figure 1-1 Urbanization in China from 1980 to 2016 (Source: Urban Population Data, World Bank) 
 
This urbanization in China is unbalanced in the post-reform era. The process on the east 
coastal area is faster than that of the inner mainland. In metropolises like Beijing, the drastic 
physical transformation of urban space is also the consequence of social and economic changes, 
as well as a result of city planning. Within the administration boundary of Beijing, the urbanized 
area increases from 467 km2 in 1982 to 3872 km2 in 2013. The built-up area expanded, gated 
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2 
According to Kuang et al. (2012), there was an unprecedented expansion of urban built-up area 
in Beijing from 2000 to 2007, and there are concerns in both the practical and the academic 
world that the urban expansion in this period resembles the low-density urban sprawl. The 
concept of urban sprawl is originated in the U.S., as a result of the popularization of private cars 
and the improvements in transportation infrastructures in the 1960s. It is characterized by low-
density development and leapfrog patterns. In China, the top-down urbanization process is 
mainly led and guided by the government. Though there are forms of low-efficient use of land, 
such as development zones and semi-urbanized villages (Deng and Huang 2004), the typical 
sprawling patterns are not explicit in Chinese cities.  
In addition, the side effects of the rapid urbanization has been reflected on. Urban land 
expansion is directly associated with the loss of arable land, as well as the increasing tension in 
infrastructure management, and it is also closely related to sustainable development and urban 
socioeconomic distribution. Understanding the mechanisms of urban land conversion and the 
different effects of its driving forces is crucial for further urban growth management, in order to 
guide more rational land use and to reduce the adverse impact of urban sprawl. In developed 
countries, the mechanisms behind urban expansion have been widely studied. And with the aid of 
satellite images, there is also a growing literature on this topic in China. 
As the urban expansion is the synthetic process of land use change, population 
agglomeration and density change, there are different perspectives on studying this topic, the 
scope of this research is needed to be defined. In Chinese literature, a dichotomy is applied to 
categorize and analyze the intricate urbanization process: the population urbanization and the 
land urbanization. The former one indicates people migrating from the rural area to the urban 
area, and the latter indicates the land use and land cover change from non-urban to urban built-
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up. This research defines the concept of urban expansion in a similar way with “land 
urbanization”, or the increase of urban footprint through land development or the land use 
conversion from non-urban to urban. 
1.2 Study Area and Time Frame 
This study investigates the urban expansion of Beijing, the capital of China. To the west of 
Taihang Mountain and to the south of Yanshan Mountains, this city is also an important 
transportation center, cultural center and economic center of the country (Figure 1-2).  
 
Figure 1-2 Location of Beijing 
 
Different from cities in the U.S., most Chinese cities contain an urban-suburban-rural land 
use gradient. The multiple functions endow this city with diversity and vibrancy, also intricate 
urban problems. The municipality of Beijing includes 18 districts (or counties as for the rural 
context) in 2000 (Figure 1-3), and in 2010 four districts at the urban core are merged into two. 
These 16 districts are divided into 336 sub-districts or townships. Six districts at the urban core, 
4 
including Dongcheng, Xicheng (including the original Chongwen and Xuanwu districts before 
2010), Haidian, Chaoyang, Fengtai, and Shijingshan are with high population density and most 
of this city’s functions and was well developed in the base year of 1999. 
 
Figure 1-3 18 districts in Beijing, 2000 
 
And this study focuses on the beginning of the 21st century when rapid urbanization 
happened in China. During the period, the economic reform steadily came into a new stage, 
transforming China’s economy into a market-oriented one, also boosting it at a remarkable rate. 
And big cities like Beijing, Shanghai, and Guangzhou witnessed a huge influx of people. The 
2008 Olympic Games held in Beijing was announced in 2001, and the 2008 Great Recession 
affected China far less than other countries. The urban agglomeration and development of 
Beijing is rapid but extensive.  
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The urbanization process is reflected in statistical data on GDP growth and population 
increase. Beijing was keeping a double-digit GDP growth since 2000, and its GDP grows from 
246 billion RMB in 2000 to 1377 billion in 2010 (Beijing Statistic Bureau). According to the two 
censuses, the total population has increased by 45%, from 13 million in 2000 to 19.6 million in 
2010. Among all the residents, the total number of migrants increased from 4.4 million to 10.6 
million (Beijing Statistic Bureau). Since the annual growth rate of migrant influx is 10.6%, 
higher than the annual growth rate of the total population, the increase of migrants is the main 
driver of population growth in Beijing.  
At the same time, the urbanization process is spatially reflected in the two-fold growth of 
built-up land cover change. Within the border of Beijing, the area of urban built-up increased 
from 1655 km2 in 1999 to 3872 km2 in 2013 (Figure 1-4), according to the Atlas of Urban 
Expansion, a dataset published by Lincoln Institute of Land Policy, in partnership with NYU and 
the UN-inhabitant. This dataset contains maps in shapefile format, elaborating land use 
classification based on satellite imageries, and descriptive data on spatial changes for 200 global 
cities through time, including Beijing. Satellite images from Landsat 5 (1984), Landsat 6 (1993), 
Landsat 7 (1999) and Landsat 8 (2013) are acquired and classified into built-up and non-built-up 
area with a typical pixel size of 30-by-30 meter. And a vector boundary of the urban footprint is 
also packed in the dataset, which would facilitate this research.  
While Beijing was continuing attracting people and economic activities, its growth 
management was relatively weak. Beijing designated two greenbelts respectively in two 
comprehensive plans, 1991 and 2004, aiming to use them as the growth boundary to contain its 
expansion. However, the urban built-up area quickly spills over the inner boundary and half of 
the land are taken up by urban use at the end of the 1990s.  
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Figure 1-4 Urban footprint of Beijing, July 1999 and Oct 2013 
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Moreover, there is also a trend of population decentralization during this period. Master 
plans created sub-centers in the suburban area and constructions of infrastructures loosen the ties 
to the central city. With people moving out of the urban core and new influx settling down on the 
urban fringe (Zhou et al 2015), the urban expansion within this study’s time frame is also driven 
by the population dynamics under certain planning process. On the one hand, Beijing has 
attracted a huge amount of population from other places. In 2017, 36.6% of the total population 
does not have permanent household registration in Beijing (2017 Statistic Yearbook). They play 
an important part in the economic vitality in this city, however, due to the high living cost and the 
restrictions on their owning properties, these people tend to aggregate on the urban fringe. On the 
other hand, the numeral cap on the number of residents in the urban core area drives people out. 
Such population dynamics on the urban fringe also creates more needs on land development in 
this area.  
In all, based on the urban footprint panel data of Beijing in 1999 and 2013, this study aims to 
provide a comprehensive understanding of urban expansion in this period. Since urban expansion 
is a non-stationary process over space and a same factor would have different influence in 
different part of the city, this research would also explore its driving forces with an emphasis on 
the spatially varying impact of the chosen factors 
1.3 Organization of the Study 
This thesis paper consists of six sections. After this introduction, the section following would 
review the previous research on urban expansion and its driving factors in literature both in the 
developing and the developed world.  
Then the third section would review urban planning and policies in order to provide a basis 
for understanding urban land development and the decentralization process in the study period.  
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And in the fourth section, the spatial patterns of urban expansion would be quantified and 
visualized through sector and concentric circle analysis. This quantitative analysis can help to 
abstract the main direction of land development. 
The fifth section would apply quantitative methods to investigate how geographical 
situations, demographic and socio-economic factors, and proximity to centers and roads 
influence urban expansion. Two types of logistic regression, classic logistic regression and 
Geographically Weighted Logistic Regression (GWLR), are used to model the relationship 
between land conversion and the explanatory variables. The methodology, construction of 
dependent variable, selection of independent variables, data processing and regression 
diagnostics would be included in this section.  
In the end, I will discuss about the planning implications of the results and reflect on the 
limitations of this research as well.  
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2. Literature Review 
2.1 Research on Urban Expansion  
Understanding the growth of a city as a complex system can be broadly from different 
perspectives, such as the growth of population, the increasing intensity of land use, and the 
increasing urban occupied area. Urban expansion specifically describes the process of occupying 
more space geographically. And in this research, urban expansion is defined as the expansion of 
built-up land cover, or the conversion of non-urban into urban land use.  
The quantitative research on urban expansion was developed with the shift of urban form 
theories from a static model to a more dynamic view. Since the 1950s, urban expansion was a 
dominant phenomenon in developed countries, especially in the United States. With rapid 
progress in GIS and RS technologies, multi-temporal satellite images are widely used as data 
sources to detect changes in land use and land cover associated with urban development (Ryznar 
and Wagner 2001). And the attempts have been made in cities worldwide. Depending on the time 
frames selected by the research, these studies could be divided into three categories： 
Firstly, some studies summarize and explain the urban expansion in the past. And various 
research methods are applied to inspect the driving forces of urban expansion such as 
multivariate linear regression (MLR) (Seto et al. 2011), structural equation modeling (SEM) 
(Eboli et al. 2012), analytic hierarchy process (AHP) (Thapa and Murayama 2010), system 
dynamics (SD) (Lauf et al. 2012) and logistic regression (Hu and Lo 2007; Long et al. 2012). 
Among these approaches above, logistic regression is the most widely used explanatory tool to 
test the driving forces of urban expansion for its advantage in handling different data types. 
Secondly, some research construct indexes to quantify the extent of urban expansion, 
especially the sprawling patterns, which is characterized by low density, dispersion and 
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fragmented growth (Moe 1993; Ewing 1997). Spatial indexes, such as compactness (Tsai 2005; 
Ewing and Hamidi 2015), mixed use and nuclearity, centrality and proximity (Galster and 
Custinger 2001), street connectivity (Song and Knaap 2004) and Shannon Entropy (Batty 1974), 
are invited into the measurement in order to reflect the static morphology of the city as a whole. 
Liu et al. (2010) also proposed to use a landscape index to measure urban expansion in a multi-
temporal study. 
And finally, there is also a pool of literature recently simulating and predicting urban 
expansion in the future. Cellular Automata (CA) is one of the most powerful tools to abstract 
land use change and further help to predict possible urban growth. A CA model consists a grid of 
cells, each of which is in a finite number of states, and only the transition rules and the status of 
one cell’s immediate neighbors would change its status in the next time point. The application of 
CA model in the geographic research is originated from Waldo Tobler’s research in the 1970s 
(Tobler 1970; Batty 1997). And algorisms and informatics are utilized to improve the CA 
modelling. Clarke’s group developed the SLEUTH model based on CA. Five variables: 
diffusion, breed, spread, slope, and road (Clarke and Gaydos 1998), are used to frame the 
modeling rules for the land cover change in California. Schneider (2012) uses a decision tree and 
classification algorisms in the machine learning fashion to identify the footprint of urban growth 
and help to distinguish urban villages and informal housing. 
Furthermore, since a deep understanding of driving factors in the past and a calibration of 
criteria at the current time is quite important for the simulation of future growth, hybrid 
approaches combining multivariable statistics and computational modeling has been emerging in 
the urban expansion studies. For example, Tayyebi et al. (2014) built and tested an urban growth 
boundary model which utilizes spatial logistic regression in the expansion of Las Vegas. 
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Arsanjani et al. (2013) apply the Markov chain and cellular automata to improve the 
performance of traditional logistic regression. And Mustafa et al. (2017) proposed an agent-based 
model integrating CA and logistic regression and proved through a case study in Belgium. 
After all, the multi-criteria regression model has its advantage over other methods in 
embracing a wide range of variables and identifying the relative importance of different factors 
(Abiodun 2017). Since the impact of rapid urban expansion on sustainability (Zhao et al. 2006) 
and transportation (Zhao 2010) in Chinese cities has attracted more and more attention, a robust 
understanding of the driving factors in the past is required as a prerequisite to control urban 
growth and prevent negative impacts in the future. In order to comprehensively analyze the 
urban expansion of Beijing, the multi-criteria regression model is chosen in this research. 
In previous research based in China, urban land expansion has been mostly studied in broad 
scope. For example, Li et al. (2018) found out that at the national level, determinants of urban 
expansion present spatial heterogeneity and tend to be diverse during 1990 to 2010. And studies 
on various megacities show that demographic change, economic development and the 
transforming land use regulations have largely contributed to urban expansion (Liu et al. 2005). 
As these driving forces and their influences on urban expansion may vary at different scales, 
more in-depth investigation is needed to examine the land use change within a metropolitan area 
or a single city. There are previous research based in Beijing or the corresponding metropolitan 
area examining the trend and spatial patterns of urban growth since the economic reform (Kuang 
et al. 2009; Li 2013). However, the relations between expansions and socio-economic factors are 
under-explored. The inadequacy of spatial statistics is one of the barriers. 
2.2 Research on the Driving Forces of Urban Expansion 
It is believed that urban expansion is the result of various factors and these factors work 
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differently in different countries and areas. The spatial patterns and the drivers of urban 
expansion are well documented in developed countries. While there is growing literature 
studying this topic in the developing world and in China, this research would add to the current 
discussion. 
Under the view that the urban space is shaped collectively by the natural environment and 
human activities, the physical spatial factors and the socioeconomic factors are the two basic 
dimensions in most quantitative research. And there are also neighborhood factors and policy 
influence introduced in the modeling process (see Table 2-1). In addition, the drivers of urban 
expansion change as the city grows over time (Aspinall 2004; Li et al. 2013). At the early stage 
of urban growth, location-related factors and physical conditions of the sites are more influential, 
and gradually other factors would increasingly shape the form of the urban area (Li et al. 2018). 
In line with this trend of urban growth, recent studies include the interactions between urban land 
expansions and the socioeconomic and demographic factors. In previous research concerning 
urban growth in Chinese mega-cities, it is argued that policies such as investment structure, 
industry structure, housing commercialization, and urban planning have a determinant impact on 
the urban space (Cheng and Ian 2003).  
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3. Policy, Planning, and their Spatial Impacts  
Since the urban planning in China is characterized by a top-down approach, policy and 
planning play critical roles in shaping the urban form. This section would review the land 
development policy in the post-reform era and the growth control strategies in the city’s 
comprehensive plans, and aims to unfold how policy and planning factors generally influence 
land use conversion in Beijing.  
3.1 Land Development Policy  
Since the economic reform in 1978 and the local fiscal reform starting from 1994, there is a 
trend in Chinese cities that local governments hold a lubricate tool to generate revenue from land 
conversion, which is favored by the dual track of land institutions. In China, since a series of 
land policy reforms in the 1980s, urban land is owned by the state and rural land is collectively 
owned by rural residents, and further, the land market is also separated by urban and rural. Based 
on the 1964 Land Administration Law, one and only way to convert rural land into urban use is 
that municipal governments representing the state to acquire rural land with a compensation fee. 
Once the rural land is transferred into urban use, it is owned by the state but the use right can be 
granted or leased out. And this land transferring fee collected by the local government accounts 
for a large portion of local fiscal revenue. In this way, land development is closely associated 
with local economic development. 
One aspect of such land politics is the designation of large development zones, which 
primarily aim to attract economic development opportunities and compete for foreign direct 
investment (FDI). Partly driven by local government’s desire for fiscal revenue from public land 
leasing, such development zones are always large and discontinuous from cities (Deng and 
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Huang 2004), further boosting urban expansion. For example, the Yizhuang new district in 
Beijing is designated as a national Economic and Technological Development Zone (ETDZ) in 
1994. To the southwest of the urban core and along the Beijing-Tianjin corridor, it has a critical 
location in the region. In the initial plan, the total area of zone is roughly 16 km2, which is almost 
3 times of midtown Manhattan. Later in the 2004 comprehensive plan, a 212.7 km2 new town is 
planned surrounding the ETDZ. Then increasingly this area has become a growth pole attracting 
labors and residents.  
3.2 Urban Growth Control  
In China, the land development process is largely dominated by the municipal administration 
and the comprehensive planning is a major tool to monitor and control the land use conversion. 
Local planning institutions usually conduct comprehensive planning every ten years. With a 
framework of land use, the orientation and functions of a city are elaborately designed. And there 
are also restrictions on land conversion and urban expansion accordingly under this framework. 
Since the economic reform, Beijing has created master city planning in 1982, 1991, 2004, and 
most recently 2016. Containing urban growth has constantly been one of the major concerns in 
these master plans. And growth boundaries and population caps are used as two major tools.  
Beijing has assigned two greenbelts as urban containment boundary respectively in 1991 and 
2004 (Figure 3-1). In the 1991 plan, a green belt is defined around the current fourth and fifth 
ring road, and later in the 2004 plan, wedge-shaped green space was proposed as a second 
greenbelt around the fifth ring road. However, this arbitrary growth boundary underestimated 
urban growth and failed to control land development. A land survey in 1998 shows that 49.1% of 
the land use in the first greenbelt is urban built-up, and serval golf courses occupy a huge amount 
of land, running the opposite with the primary goal of the greenbelt to preserve land. By 
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overlaying the urban built up in 2010 and the designated greenbelt, it is found that the first 
greenbelt has almost completely encompassed by urban built-up (Figure 3-1). Such a growth 
boundary is not effective enough to contain urban growth in the study period. 
 
Figure 3-1 Two designated greenbelts and urban footprint in 2013 
 (Source: Beijing Municipal Commission of Planning and Natural Resources 2018) 
 
At the same time, the population cap is other tool used in Beijing’s comprehensive plan, 
which also has its impact on the distribution of people. According to Beijing Comprehensive 
Planning (2004-2020), the city aims to restrict its total population to no more than 23 million by 
2020, and it also sets a 5.4 million population cap for the six districts at the urban core (including 
a 1.1 million population cap for the old town within the Second Ring Road) in exchange for 
historic preservation of the city center. At that time, the total population of the urban core was 
around 6.5 million. Thus, to achieve this goal, millions of population are even needed to be 
2013 
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pulled out from this area, among whom a high percentage are migrants.  
As shown in Figure 3-2, in 2000, people aggregated in the western part of the city. And 
during this ten years, higher population growth rate can be observed in eastern and southern part 
of the urban periphery. Huilongguan, a mega affordable housing project in the north of Beijing 
with the highest population growth rate on the map, has grown to be a large-scale residential 
area. At the same time, there is minor or even negative population growth in the urban core, 
indicating decentralization in the study period.  
In all, during the study period, these political and planning factors facilitates land 
development and drives people out from the city center. First, since local fiscal reform, local 
government’s need for generating revenue from land leasing is an important factor determining 
urban expansion and dispersed development in suburban areas (Deng and Huang 2004). Second, 
facing the for-growth development, containment strategies are relatively weak, as the greenbelts 
has been taken up and failed to challenge the demand for land. And further, population caps in 
urban core decentralize people and drives the demand for development on the urban fringe.  
18 
 
Figure 3-2 Population distribution in 2000 and population growth rate at sub-district level 
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4. Identifying Spatial Patterns of Urban Expansion 
The previous section has introduced the driving factors of the rapid urban expansion in 
Beijing based on qualitative review on land development policies and urban planning. In order to 
achieve the understanding on how the expansion happened spatially, quantitative tools and 
spatial analysis tools are employed. In this section, sector and concentric circle analysis is used 
to unveil the general spatial patterns of urban expansion in Beijing. 
4.1 Methodology 
Sector analysis and concentric circle analysis are useful tools to visualize the change of 
urban built-up area, capture the main direction of development and quantify the spatial patterns 
of the urban expansion (Zhang et al. 2017). First, setting on the geometric centroid of the urban 
built-up in 1999, urban land is divided into equal angular space, and the growth in each fan-
shaped area is calculated then compared. Second, concentric rings with equal width is generated 
to see the land conversion happening within various distance to the geometric center (Figure 4-
1). With such methods, urban expansion on each of these dimensions, or each of the distance 
ranges can be displayed to show the spatial distribution of urban land in the city. 
Figure 4-1 The spatial references for the sector and concentric circle analysis 
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4.2 An Overview of Urban Expansion in Beijing 
The land cover maps have shown that dramatic land use change happened during 1999-
2013. Within the border of Beijing, the area of urban built-up increased from 1655 km2 to 3872 
km2. And there is an observable trend of expansion to the south and in the Chaoyang District. In 
1999, districts in the city center have already achieved almost 100% urbanized and most land 
conversions happened in the outer districts in the study period.  
With the “feature to point” tool in ArcGIS, the center of gravity for both comparable years 
are generated. The centroid of urban built-up has shifted largely to the northeast (Figure 4-2).  
 
Figure 4-2 The shift of centroid of urban built-up from 1999 to 2013 
 
First, sector analysis is conducted. A buffer is built around the centroid of built-up area in 
1999, and then it is divided into 16 fan-shaped areas, each having an angle of 22.5 degrees 
(Zhang et al. 2017). By overlaying the urban built-up space of the two years respectively on each 
segment of this buffer, the urban footprint on the 16 dimensions can be retrieved. From 1999 to 




(Figure 4-3). There is rarely urban expansion on the west part of Beijing while there is the most 
rapid urban growth on the southeast and northeast. This area intersects the Chaoyang, Shunyi, 
Tongzhou and Daxing districts.  
 
Figure 4-3 Percentage growth of urban built-up on different dimensions 
 






















The newly developed urban areas are closely related with and oriented by these zones 
(Figure 4-4). According to the master plan of Beijing (2004-2020), as one of the urban core 
district of Beijing, Chaoyang District is the window for international affairs and the base of 
modern culture and high tech industries. Part of the Chaoyang District was designated as the 
Central Business District (CBD) area in this master plan. There was financial services in this area 
before the planning of CBD. And the urban functions assigned in the 2004 master plan also 
provides this area new economic growth opportunities. Furthermore, since 2000, artists started to 
gather around Wangjing and the 798 art zone, which was then covered by former warehouses and 
abandoned factories. A cultural center rises in this area since then. 
And to the north of the city, the expansion of urban footprint is closely related to two mega 
residential communities, Tiantongyuan and Huilongguan, which were developed during the study 
period (Figure 4-4). Huilongguan, as mentioned in the previous section, also has the greatest 
population growth rate between the two censuses. In 1999, Beijing started 19 affordable housing 
projects (also known as economical and comfortable housing projects, or ECH). Tiantongyuan 
and Huilongguan are two of them. These rent-controlled apartments were easy to apply and 
finally attracted millions of people living in this area. 
Along the axes with the highest growth rate on the southeast, there is the Yizhuang new 
district (Figure 4-4). In 1994, Yizhuang is designated by the national government as the first 
Economic and Technological Development Zone (ETDZ) in Beijing. As mentioned in the 
previous section, driven by the desire for capital investment and the speculation of local 
government to generate revenues from the public land leasing, Yizhuang is also a typical large-




Figure 4-5 Total area of urban built up across different distance to the centroid 
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24 
As for the concentric circle analysis, with the “multiple ring buffer” tool in ArcGIS, 
concentric circles are constructed around the same centroid of 1999 built-up. 6 km is selected as 
the bandwidth as roughly the same with the distance between the third ring road and forth ring 
road. As shown in Figure 4-5, within the study time frame, the urban built-up sprawled at most to 
84 km away from the geometric centroid and the urban fringe extended around 30 km, from the 
54 km in the year of 1999. Most of the urban growth occurred within the buffer ring of 18-42 km 
outside the forth ring road (Figure 4-6) and the total area of urban built-up within this distance in 
2013 is 1.93 times of the area in 1999.  
Based on the analysis above, the urban expansion in Beijing during this period is 
characterized by the out sprawl of the urban edge and the huge amount of land conversion on the 
former urban fringe. It can also be concluded that the main direction of the urban expansion 
through the study period is to the east. And the urban footprint in Beijing is also constrained by 
the topography on the west side of the municipality, and pushed by the designated growth hub 
and the regional development opportunities on the east side. Under the master planning and 
development strategies, Chaoyang district and Daxing district are the most critical hub for 
economic growth in this period, which leads to the spatial pattern that the urban footprint of 
Beijing extends mostly on the northeast and southeast dimensions.  
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5. Understanding the Driving Forces of Urban Expansion  
Analyzing the spatial pattern of urban growth can help to understand the complex process of 
urban development, and multi-criteria regression model is a powerful tool to explore and test 
how the distribution of factors over space would impact the change in urban land use 
development. This section constructs two logistic regression models and studies the driving 
forces of urban expansion in Beijing. First, the quantitative research methodology would be 
introduced, including the spatial sampling method, traditional logistic regression model and a 
localized spatial regression model, Geographically Weighted Logistic Regression (GWLR). 
Second, the selection of explanatory variables and the process of data acquisition, cleaning, 
munging and aggregation applied in this research would be elaborated. The variables are 
constructed in three categories: spatial patterns and geographical situations, socio-economic 
factors and demographic structure, proximity and accessibility. And correlations between these 
parameters would also be checked. Then with ArcGIS as the main tool to extract spatial 
variables, and with the aid of a stand-alone spatial regression software, MGWR, a traditional 
logistic model and a GWLR model are both employed to unfold the driving forces of the built-up 
expansion. Last but not least, by mapping the coefficient and the t-test statistics, the GWLR 
model also helps to reveal how these explanatory variables affect the urban expansion differently 
over space. Conclusions would be made based upon the regression results. 
5.1 Methodology 
5.1.1 Logistic Regression Models 
Regression models have provided a mechanism for exploratory analysis of case studies and 
can help to identify the key driving variables behind land cover and land use changes (Turner et 
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al. 1994). And logistic regression model has been widely applied to the modeling of spatial 
problems, especially the modeling of land use and land cover change since the independent 
variables can be a mixture of continuous and categorical. The general form of logistic regression 
is as follow: 
y = c +  𝛽1𝑥1 + 𝛽2𝑥2 +  ⋯ + 𝛽𝑖𝑥𝑖 
y = 𝑙𝑜𝑔𝑒  (
𝑃
1 − 𝑃
) = 𝑙𝑜𝑔𝑖𝑡(𝑃) 




where xi are predictors, P is the probability of occurrence of a certain event, and y or logit(P) 
is a linear function of the explanatory variables. 𝛽𝑖 are the corresponding coefficients to be 
estimated for each of the predictors and c is the constant. Different from the linear regression 
model such as OLS, logistic regression is based on the maximum-likelihood algorism and 
predicts the probability of outcomes rather than the outcomes themselves. 
When the dependent variable is structured as a binary or categorical parameter, the 
traditional logistic regression model can effectively explain the determinants of urban expansion. 
And the regression modelling functions can be easily realized with the mainstream statistic 
software, such as R studio and SPSS.  
5.1.2 Geographically Weighted Logistic Regression Model 
Waldo Tobler noted the First Law of Geography is that "everything is related to everything 
else, but near things are more related than distant things." The spatial heterogeneity is the 
overarching rule of spatial quantitative analysis. Geographically Weighted Regression model 
(GWR) is such a local regression technique that extends the traditional regression model and 
emphasizes Tobler’s First Law, and it is an efficient approach when the parameters and relations 
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do vary over space. With the spatial analysis module in ArcGIS and other geodata software, the 
spatial patterns can be taken into consideration. Spatial regression is proved to be an improved 
approach than the classic regression model to explore spatial relationships and to explain the 
observed spatial phenomenon. 
GWR was collectively developed by Fotheringham, Brunsdon and Charton (2002) based on 
three interrelated assumptions: spatial data are not stationary; spatial structure of data affects the 
estimation of relationship based on these data; the relationship between variables are not 
necessarily global but may be localized and vary across space (Brunsdon et al., 1996). The 
formula of a GWR model is formed on the traditional regression model and could be simplified 
as follow 
y𝑖 = 𝛽0(𝑢𝑖, 𝑣𝑖) +  𝛽1(𝑢𝑖, 𝑣𝑖)𝑥1 + 𝛽2(𝑢𝑖 , 𝑣𝑖)𝑥2 +  ⋯ + 𝛽𝑖(𝑢𝑖, 𝑣𝑖)𝑥𝑖 +  𝜀𝑖 
where xi are predictors, β are the parameters specific for the coordinates of the data point i 
located at (u,v), and 𝜀𝑖 are the residuals at a point i. With a GWR model, the parameters β for 
point i are estimated using other observations with assigned weights, and these weights are 
assigned based on proximity. By situating a point in its contextual factors, this model can 
incorporate both spatially constant coefficients and the coefficients that represent a spatial 
varying relationship.  
The GWR module in ArcGIS is developed on the ordinary least squares (OLS) model so that 
it is not applicable for logistic regression. However, another spatial analysis software MGWR, 
developed by Tomoki Nakaya’s team can accommodate non-linear parameters and a set of binary 
or Poisson distributed data. 
Operationally, in order to represent the context of each point, a search window with a 
bandwidth was constructed around that regression point, and every other point within that region 
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would be weighted based on their spatial proximity to calibrate the regression relations. 
Euclidean distance is normally applied and the weight decrease as the points locate further away. 
For different research objectives, users would choose a fixed bandwidth or an adaptive spatial 
kernel. A fixed kernel better describes when the points are distributed evenly and the adaptive 
bandwidth approach would adjust the scope according to the density of points. Fotheringham et 
al. have also verified that GWR is sensitive to the chosen bandwidth, thus this value should be 
determined carefully. When GWR is conducted in MGWR, the global parameters would be 
provided and the local estimates of parameters, goodness-of-fit measures, such as r2 and t 
statistics are provided, and these could all be mapped out so as to show the spatially varying 
relations (Hanham and Spiker 2004). 
 
5.1.3 Land Use Data Sampling Method 
Based on the adopted methodology, the dependent variable, land use conversion is 
constructed as a binary variable. If the sample point changed from non-urban use to urban, it 
would be marked as 1, otherwise, it would be marked as 0. 
The spatial extent of Beijing is around 180 km on both the east-west and north-south 
directions. A sampling method is necessary to deal with the huge amount of spatial information 
and limit the size of descriptive points to meet the computational capacity. Since the spatial 
autocorrelation is the main concern when spatial data are analyzed statistically, ignoring those 
critical spatial statistics would result in unreliable parameter estimation or inefficient estimates in 
the logistic regression model (Cheng and Masser 2003). Instead of the traditional sampling 
methods, an alternative would be determining a feasible minimum distance between sampling 
points. However, this method would result in a substantially smaller sample size, which would 
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risk losing information. Stratified sampling, systematic sampling, or a combination are 
commonly adopted, in order to better represent the population while reducing spatial dependence 
at the same time.  
Based on Cheng and Masser’s (2003) sampling method, this research would also adopt a 
hybrid sampling scheme of two steps:  
First, with the systematic sampling method, I will test the distance interval to lower spatial 
dependence. Operationally by the “create fishnet” function in ArcGIS, a grid with a certain cell 
size can be generated. This geoprocessing also provides a coordinate centroid of each cell as a 
label, and the points within the municipal boundary are further applied as the statistical 
population to draw samples from. Outside the urban extent in 1999, dichotomous variable is 
assigned to the points. If a point is converted into urban built-up in 2013, it is marked as 1, 
otherwise it is marked as 0. Then Moran’s I index is calculated, which depicts the spatial 
correlation of this variable. To determine a minimum distance, fishnet grids with sizes of 
300，500, 700, 900, 1100 meters are tested following the steps as above. As the distance 
increases, the Global Moran’s I index is decreasing. Finally, 1.1 km is selected as the distance 
interval for the systematic sampling, resulting in a ratio of 5.7:1 between points with 0 value and 
1 value. 
Second, based on the size of descriptive points with 0 or 1 value from the former step, a 
random sample is drawn to achieve a relatively balanced size of each category. Previous research 
has proved that roughly 3000 points are appropriate for studies within a city (Azhdari et al. 
2018). With the 12,190 sample points from the first step, a 17% random sample based on the 
unique ID is further drawn from the 0 category. Finally, 3459 points are obtained with nearly 1:1 
presence of 1 and 0 value.  
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5.2 Data for the Driving Forces 
Previous research in both the developed and developing settings have indicated that the 
accessibility and the adjacency to the existing urban area play important roles per urban 
expansion, thus in this research, the distance to main roads, city center, suburban centers, and 
public services are taken into consideration.  
With different research methods, studies have also shown that since the 1990s the driving 
forces of urban expansion in Beijing is that people increasingly move to the adjacent suburban 
districts (Fang and Qiao 2006). The distribution of population and the growth rate at sub-district 
level is also introduced into the model. In order to reflect the economic status, GDP at the 
district-level is introduced as a proxy since the information on median income is hard to retrieve.  
Based on the literature and the hypothesis above, the following independent variables are 
selected from three categories, natural geographic factors, socioeconomic factor, and proximity 
factor, as shown in Table 5-1. And the framework of quantitative research is shown in Figure 5-1. 
 
Table 5-1 Selected independent variables 










Population in 2000 person Sub-districts 
Population growth rate percentage Sub-districts 
GDP per capita of each district in 2000 ￥/person Districts 
Average annual percentage change in 




Distance to CBD km - 
Distance to sub-centers km - 
Distance to main roads in 2000 km - 




Figure 5-1 Variables and tools for quantitative analysis 
 
5.2.1 Sources of Data and Hypothesis 
This study mainly involves two kinds of data: population statistics and maps with geocoded 
features. The socioeconomic data are based on the published census data of 2000 and 2010, and 
statistical yearbooks of Beijing. And the spatial data are collected from different sources. The 
process and logistics of data collection, cleaning and munging are recorded as follows: 
Slope and elevation  
Both topographic layers are calculated by the digital elevation model (DEM) with a 90 x 
90m cell size, which is a secondary data retrieved from the online digital elevation database of 
Consortium for Spatial Information (CGIAR-CSI). NASA released Shuttle Radar Topographic 
Mission (STRM) data of the globe and CGIAR-CSI applies a hole-filling algorism to provide a 
seamless dataset to allow easy mosaicking. The municipality of Beijing involves two data files, 
srtm_60_04 and srtm_60_05. They are downloaded in GeoTIFF format and merged into one 
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raster map.  
With the “slope” tool in ArcGIS, the DEM has been processed to calculate the flatness of the 
terrain (Figure 5-2). Generally, building on a slope would increase the cost of construction and 
restrict the probability of land use change. 
 
Figure 5-2 Natural geographic factor 
 
Distance to CBD 
In the core of Beijing lies the Forbidden City and the old town, so that the office buildings 
and financial services used to be dispersed outside the second ring road. To represent the distance 
to city center, under the conceptual structure of a monocentric city, some research use “distance 
to Tiananmen Square”. However, Zhou (1998) argued that there has been a dual CBD structure 
in Beijing, with economic activities concentrated in the Financial District on the west side and 
the designated CBD on the east side.  
According to the Beijing Central Business District Regulatory Detailed Plan (the detailed 
plan is similar to zoning in the United States and elaborates land use categories of each land 
parcel) in 1999, a 3.99 km2 area in the Chaoyang district, also known as Guomao, was 
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designated as the CBD of Beijing. Encompassed by Tonghui River to the south, West Dawang 
Road to the east, Dongdaqiao Road to the west, and Chaoyang North Road to the north, and 
characterized by skyscrapers, high-end office buildings, Guomao is the commercial center and a 
critical job hub of Beijing. 
On the west side of the city, the Financial District has a high concentration of banks, 
government institutions and regulatory commissions. It started when the Bank of China build its 
headquarter next to the second ring road. And the 1991 comprehensive plan further designated 
the area between Fuchengmen to Fuxingmen as the national financial administration center.  
Due to the lack of data on the number of jobs or office units in the study period, this dual 
CBD structure is adopted (Figure 5-3). The Euclidean distance is calculated between the 
sampling points and the centroid of this two areas. And it is hypothesized that the further away 
from these job hubs, there would be less the economic development opportunity, which may lead 
to a lower probability that a non-urban land parcel would be developed. A negative coefficient 
can be projected for this predictor. 
 
Distance to sub-centers 
Beijing comprehensive plan 2004 also designated eleven new towns in the suburban districts 
and assigned them with different urban functions. The Yizhuang new town around the Yizhuang 
ETDZ is also included in this plan, and the rest are former district-level of county-level centers 
(Figure 5-3). These new towns are also designed to attract and accommodate people who are 
decentralized from the urban core area. It is also hypothesized that land development tends to be 
close to this new towns and further away from these sub-centers, lower the odds that the land 
parcel would be converted into urban use. 
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Distance to main roads 
Georeferenced road maps provided by the Complex and Sustainable Urban Networks 
(CSUN) Laboratory at the University of Illinois at Chicago can be downloaded from Figshare 
(Karduni 2016). The dataset is extracted from Open Street Maps within the administration 
boundary of Beijing and includes a field indicating the types of roads. With the “Collapse Dual 
Lines to Centerline” tool in ArcGIS 10.5, a map centerlines of trunk roads and motor roads can 
be generated (Figure 5-3).  
Trunk roads and motor roads are selected as the main transportation lines due to the fact that 
these high capacity roads build up the backbone structure of the transportation system in Beijing. 
Along with the ground transportation system, Beijing currently has a complex subway system 
consisting of 22 lines in operation. However, subway line 1 was the first and only transit route 
back in 2000, and the service area of the subway system is more restricted than that of the 
ground transportation system since most routes and stations are close to the city center. Therefore 
in this study, the impact of subway and transit stations are not included. And similar to the 
distance to CBD, the negative coefficient can be hypothesized for the distance to main roads as 
well. 
 
Distance to key high schools 
In most Chinese cities, high-quality education resources are highly competitive, so that the 
proximity to good schools would have an impact on the preferences of residence. Beijing enlists 
68 high schools as key high schools. Beijing City Lab published 6 million points of interest 
(POI) across China in 2008 on its website (Long and Liu 2013), which is scraped and processed 
from the Open Street Map. Though there is no classification for the geocoded points, all of the 
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enlisted high schools can be manually matched in this dataset. Also, it is common in China that 
one high school has several campuses across the city, and these separate campuses are also 
recorded and kept for distance analysis (Figure 5-3). 
 
 
Figure 5-3 Proximity and accessibility factor 
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Census data and Economic data 
Maps associated with census data at the sub-district level (also noted as township or jiedao) 
are published by China Data Center. For both census years, the locations of all the townships 
countrywide are displayed in the shapefile format. And GDP data at the district level can be 
retrieved from the statistical yearbooks, and its growth rate is represented by the average annual 
inflation-adjusted nominal growth during 2000 to 2010, in accordance with the time interval of 
population census. Further, in this study, migrants are defined as people who live in the township 
for more than 6 months but do not have a local hukou, or household registration there.  
 
In all, these data and layers are imported into ArcGIS 10.5, then projected into the 
coordination system WGS_1984_UTM_Zone_50N, and transformed into raster surfaces with a 
30 x 30m resolution. The distance to CBD, sub-centers, main roads and key high schools are 
represented by the straight-line distance generated through the “Euclidean distance” tool and the 
layers for census and economic data are generated through the “Feature to Raster” tool. 
 
5.2.2 Census Data Processing and Aggregation Methods 
The socioeconomic factors are mainly built on the census data acquired at the sub-district 
level, which is the finest resolution of the publically accessible data. However, the lack and 
inaccuracy of geographic reference are the main challenges for the analysis. The data 
operationalization is inevitable but would introduce error to the regression model, which could 
be one limitation of this research. 
The limited spatial information about administration boundary is the first barrier. The 
published sub-district level census maps of both census years use point features to denote sub-
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districts while the boundaries of sub-districts’ administration area are absent. One map of 2010 
sub-district census for commercial use is acquired through affiliation, in which there are 326 sub-
district features in total. However, there are 335 sub-district points in total in the 2000 census 
map and there are 335 records in the census data as well. The change of administrative divisions 
is the main reason of this temporal inconsistency.  
Furthermore, the sub-district is still relatively a large unit, adding variance and uncertainty to 
the analysis. The average area of a sub-district in 2010 is 4.9 square km. And comparably, the 
average size of a census tract in New York City is roughly 90 acres (0.36 square km). Since the 
total area of Beijing is about 21 times of the area of five boroughs in New York City, a sub-
district in China is a larger spatial unit for aggregation than a census tract in NYC. Lower level 
of census data being unavailable in China has constantly been the challenge for population 
analysis (Yuan et al. 2008, Zhao et al. 2018), especially for quantitative analysis within the 
boundary of a city. 
In order to deal with the absence of geographic boundaries for the 2000 census and the 
constant change of administration at the neighborhood committee/village level, previous studies 
concerning the comparison across different census at the sub-district level mostly generate a 
comparable geographic layer (Liang and Liu 2014; Zhou et al 2015; Che and Qiu 2016).  
In this research, a comparable township map can be adjusted based on the sub-district map 
of the year 2010, hence the census data of both 2000 and 2010, and the growth rate of population 
can be joined to the corresponding feature. In reference to the historical records of administration 
boundary changes, the following assumptions and approximation are used for adjustment:  
1) If one sub-district is divided into several sub-districts before 2010, I merge the features 
in the base map and add up the census data in 2010 to compare with that of 2000. 
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2) If several sub-districts are combined as one, I add the population of each part in 2000 to 
match with the geo-boundary of 2010.  
 
3) If a new sub-district is assigned and accumulates villages or communities from the 
adjacent sub-district, I consulted the administration change records, divide the new sub-
district and proportionally relocate the population data.  
 
In the end, a map of 316 valid features with census data associated can be used as a baseline 
for the socioeconomic factor in the year of 2000, and also can accommodate the calculation of 
the change or growth rate of demographic through years.  
5.2.3 Descriptive Statistics of the Independent Variables 
After data processing and extracting value to the sampling points, null values are dropped 
and 3457 descriptive points can be used in the regression models (Table 5-2). 
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Table 5-2 Descriptive statistics 
 
mean standard deviation min median max 
Elevation (m) 241.8  316.6  12.0  53.0  1812.0  
Slope (degree) 7.7  10.6  0.0  1.6  62.9  
Population 2000 28123.7  17211.8  3452.0  25475.0  160188.0  
GDP per capita 2000 10921.4  3760.0  3475.6  8746.9  19052.3  
Population growth (%) 44.3  96.5  -64.6  9.1  715.9  
GDP growth (%) 27.9  24.5  10.8  23.3  159.7  
Distance to main roads(km) 2.9  2.8  0.0  2.1  24.5  
Distance to schools (km) 15.1  13.3  0.2  10.6  77.3  
Distance to CBD (km) 46.6  24.4  8.2  40.6  127.4  
Distance to sub-centers(km) 16.8  12.7  0.1  13.3  77.4  
 
5.3 Modelling with Logistic Regression 
In order to help predict the possible efficiency and results of the spatial regression, a non-
spatial logistic regression is first applied.  
The traditional binary logistic regression model attempts to map the data according to line of 
best fit, which is an “S” shaped curve instead of a straight line. Similar to the OLS model, the 
logistic regression also assumes that the parameters are independent to each other, therefore a 
check for multicollinearity between variable pairs is always applied before beginning a 
regression analysis. Prior to the following application of GWLR model, the correlation between 
the independent variables is tested. The correlations between Elevation and Slope, Distance to 
Schools and Distance to Sub-centers are higher than 0.75. In order not to violate the key 
assumptions, it is necessary to remove some of these predictors. Without the distance to schools 
and the elevation, a subset of eight variables remains in the regression model. The correlation 




Table 5-3 Correlations between independent variables 
 
Slope Pop2000 GDP2000 Pop↑ GDP ↑ D2Rd D2CBD D2SC 
Slope 1  
       
Population 2000 -0.48  1 
      
GDP 2000 -0.10  -0.05  1 
     
Population growth -0.35  0.34  -0.02  1 
    
GDP growth -0.14  0.06  -0.09  0.08  1 
   
Main roads 0.33  -0.22  -0.01  -0.18  0.04  1 
  
CBD 0.54  -0.53  -0.03  -0.50  -0.28  0.30  1 
 
Sub-centers 0.55  -0.46  0.00  -0.29  -0.10  0.39  0.72  1 
 
Then a traditional logistic regression is performed on the software platform of R Studio. The 
regression model can explain 64% of the variance of the conversion in land use, and the 
regression result (Table 5-4) shows that the slope, GDP per capita in 2000 and the three factors in 
the proximity category, distance to CBD, distance to main roads and distance to sub-centers, 
have a statistically significant influence on the land use conversion of a land parcel in Beijing at 
the 0.001 level. The negative impact of slope proved the constraining effect of the topographic 
conditions. The mountainous area to the west of the municipality forces the urban area to extend 
to the east. Among the proximity factors, distance to main roads plays a more important role with 
a larger negative coefficient. One kilometer further away from the main roads, 0.17 lower the 
odds that a land parcel would be developed, suggesting that like many other cities, the 
transportation infrastructure is still an important determinant for urban expansion in Beijing. 
Also, based on the regression results, distance to sub-centers have a stronger coefficient than the 
distance to CBD. It may explain the pulling factors of the new towns. GDP factors and the 
growth rate of population have a significant impact at the 0.05 confidence level, indicating that 




Table 5-4  Result of the classic logistic regression 
 
β Estimate Standard Error z value Pr(>|z|) Significance 
(Intercept) 5.00563946 0.42479713 11.78 0.0000 *** 
Slope -0.21483169 0.01692721 -12.69 0.0000 *** 
Population 2000 0.00000449 0.00000438 1.02 0.3055 
 
GDP per capita 2000 0.00007628 0.00001737 4.39 0.0000 *** 
Population growth 0.0028649 0.0010245 2.8 0.0052 ** 
GDP growth 0.01424448 0.00464252 3.07 0.0022 ** 
Distance to main roads -0.17293208 0.02833242 -6.1 0.0000 *** 
Distance to CBD -0.07378557 0.00499743 -14.76 0.0000 *** 
Distance to sub-centers -0.13803993 0.01181343 -11.68 0.0000 *** 
Akaike Information Criterion (AIC) 1734.4 
Null deviance 4783.8 on 3456 degrees of freedom 
Residual deviance 1716.4 on 3448 degrees of freedom 
Pseudo R square 0.64 
Significance codes:   0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
In conclusion, the global logistic regression shows that the non-urban-to-urban land 
conversion in Beijing is significantly driven by the proximity to trunk roads and highways, CBD, 
and sub-centers, and is also significantly limited by slope and mountain terrain. It is also worth 
noticing that population growth, rather than the population in the base year, is one of the forces 
contributing to the expansion and growth of Beijing, indicating that the dispersed population 
dynamics is in line with the urban expansion. With a general understanding of the determinants 
through the classic Logistic Regression, the spatial distribution of this relations would be further 
examined with the GWLR model.  
 
5.4 Modelling with GWLR in MGWR 
The GDP factors have higher spatial variance since the aggregation units are different from 
other factors, thus both economic factors are dropped in this section. In MGWR, the adaptive 
Bisquare kernel type and the golden selection method are selected, then GWLR is executed with 
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six variables, and a set of parameter estimates is generated for each sample point.  
The GWLR result shows that the model has a valid pseudo R square of 0.792 to explain the 
urban expansion in Beijing. Compared to the global logistic regression model, there is an 
improvement in the diagnostic information and improved goodness of fit in terms of AIC and R 
square (Table 5-5). The result also indicates that globally, the selected variables have statistically 
significant impacts on the land conversion at 0.05 level (Table 5-6).   
 
Table 5-5  Diagnostic index for global LR and GWLR 
 Global LR GWLR 
Residual sum of squares 376.666 179.126 
AIC: 2161.069 431.342 
R2: 0.562 0.792 
 
Table 5-6 Global result of GWLR 
Variable Estimates Standard error t value p-value Significance 
Intercept 0.962 0.023 41.481 0 *** 
slope -0.015 0.001 -22.272 0 *** 
Population 2000 0 0 4.274 0 *** 
Population growth rate 0.001 0 8.863 0 *** 
Distance to main roads -0.009 0.002 -4.029 0 *** 
Distance to CBD -0.007 0 -19.17 0 *** 
Distance to sub-centers -0.002 0.001 -2.231 0.026 * 
 Significance codes:   0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Different from the traditional logistic regression model, the parameter estimates are 
calculated locally. For each of the six independent variables, the impact could be either negative 
or positive and the power could be in a range, depending on the location of the sample point. 
Slope and the three proximity factor all demonstrate high spatial variance while the population in 
the base year and population growth rate have small range of estimates, indicating that the spatial 
variance is relatively low (Table 5-7).  
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Table 5-7  Distribution of coefficients of the independent variables 
  Mean Standard deviation Min Median Max 
Intercept 1.073 1.63 -6.095 0.98 13.272 
slope -0.011 0.033 -0.154 -0.002 0.147 
Population 2000 0.000 0.000 0.000 0.000 0.000 
Population growth rate 0.000 0.003 -0.032 0.000 0.01 
Distance to main roads -0.019 0.038 -0.19 -0.005 0.128 
Distance to CBD -0.011 0.044 -0.469 0.000 0.314 
Distance to sub-centers -0.006 0.046 -0.338 0.000 0.404 
 
5.5 Spatially Varying Relationship 
Since there is a range of local coefficients for these variables, it is worth studying how these 
factors impact land conversion differently over space. With the β estimates and t statistic for each 
sample point generated by the GWLR model, it is possible to examine the spatially varying 
relationships between urban expansion and its driving forces. The points associated with 
parameters are imported and displayed in ArcGIS, and the parameters for each variable are 
mapped and visualized using the “spline” tool in the surface analysis toolset.  
For the coefficient, areas with higher β estimates indicates that the variable plays a more 
important role locally. As for the spatial distribution of t statistic, the globally significant 
variables also have certain parts in the study area where the relations are not statistically 
significant and the mechanisms is not spatially stationary.  
The slope (Figure 5-4) has a strong and significant negative impact on urban expansion at 
the foot of the mountain, in line with the hypothesis that the topographic situations could be one 
of the important factors that shape the urban space of Beijing.  
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Figure 5-4 GWLR parameter of Slope, β estimates on the left and t statistic on the right 
 
Figure 5-5 GWLR parameter of Population in 2000, β estimates on the left and t statistic on the right 
 
Then the total population in the base year of 2000 has its impact on both ends (Figure 5-5). 
In the west part of the city, the positive impact is significant while the negative impact is 
dominant to the north and east edge. This result reflects the original distribution of people in the 
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base year and also the relocation of the population in the city. In 2000, residents concentrated in 
Haidian and Fengtai district, the west side of Beijing. During the ten years, in these developed 
districts, the positive coefficient implies that people increasingly aggregated to the more 
populated areas. And in the north and east, urban expansion occurs in the areas with lower 
population and the urban footprint further extends outward.  
What’s more, the three proximity factors all have a negative global coefficient, indicating 
that further away from CBD, sub-centers or main roads, the lower the opportunity that the land 
use conversion happens.  
The negative coefficient of Distance to Main Roads is significant at the northeast corner and 
the southwest corner, suggesting that the urban expansions in these areas are highly dependent on 
road and land use conversion happens closely along the main transportation lines (Figure 5-6).  
 
Figure 5-6 GWLR parameter of Distance to Main Roads, β estimates on the left and t statistic on the right 
 
As shown in Figure 5-7, the regression parameters of Distance to CBD and Distance to Sub-
centers are spatially complementary to each other. Distance to CBD has a significantly negative 
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impact on the edge of the inner urban districts, especially along the west edge of Haidian, 
Shijingshan and Fengtai districts, which also proves the relatively compact land development on 
the west side of the city. Distance to Sub-centers is more influential in the outer suburbs on the 
north side, such as Huairou, Miyun and Pinggu districts. And according to the t statistic surface, 
with its significant impact dispersed in different areas of the city, Distance to Sub-centers shows 
higher spatial variation than Distance to CBD, which also indicates that sub-centers tends to 
affect land development more locally. 
 
Figure 5-7 GWLR parameter of Distance to CBD and Distance to sub-centers 
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6. Conclusions and Discussions  
The scale of urban expansion in Beijing at the beginning of this century is worth studying. 
The remote sensing and the satellite images have recorded the dramatic increase in urban 
footprint and transformation in urban form. Policy and planning are critical factors in the top-
down planning system in China. Localized fiscal scheme and land ownership facilitate land 
development by local government. And since 2000, urban planning began to guide the 
decentralization of population in Beijing, the dynamics on the urban fringe has become more 
complicated, with newcomers settling down and people in the urban core being pushed out due 
to the population cap. Demand on the urban fringe is high and land development is hard to be 
contained in the greenbelts. Also, as an approach to manage urban growth, the designated new 
towns in the master plan also attract new development to the planned sub-centers and 
development zones.  
The results of the sector and multi-ring buffer analysis describe that during 1999 to 2013, the 
urban built-up mostly expand to the northeast and the southeast of Beijing, and most growth 
occurs on the former rural-urban transition area. The previous practice of assigning arbitrary 
greenbelt as urban containment tool is also tested to be weak. And the land development through 
the designation of development zones greatly contributes to the increasing urban built-up, 
influencing the direction of urban growth and the quantity of land conversion.  
In order to explore the driving forces of urban expansion in Beijing through 1999-2013 and 
compare their relative importance, this study adopts two logistic regression models, classic 
logistic regression and Geographic Weighted Logistic Regression. The major determinants 
recognized are consistent with the empirical evidence, and the spatial variance of each factor 
help to better understand the urban expansion dynamics. From a global perspective, in both 
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models, slope, the proximity to main roads, distance to CBD and distance to sub-centers have 
constant significant impact on the probability of a land parcel to be converted into urban use. 
Moreover, a positive coefficient for the parameter of population growth in both global regression 
results, indicating that there is a positive relationship between the probability of urban expansion 
and the agglomeration process on the urban fringe.  
Last but not least, urban expansion and the driving forces demonstrate a spatial varying 
relationship. With the local estimates and t statistics of the GWLR model mapped, it is found that 
in the more populated and well-developed urban fringe in the west, population base has a 
positive impact on urban expansion, suggesting a relatively compact and high-density 
development mode. And in the newly developed area on the eastern and northern side, this 
relationship is negative, showing that the urban expansion happens in the less populated areas 
and the urban edge sprawls further out. The significantly negative influence of the Distance to 
CBD variable on the western urban edge also proves this compact development mode. Moreover, 
it is found out that land development in the northeast and the southwest area of the city is closely 
related to main roads. 
This research has its limitation per data availability and selection of variables. GDP data can 
only be acquired on county level and census data are aggregated to sub-districts, thus may mask 
the intragroup variation and influence the results. In addition, it would also be valuable if other 
independent variables could be introduced and tested in the regression model, such as the 
distance of industry centers, real estate development, and density of office space, which 
hypothetically have an impact on land development and urban expansion. However, due to 
limited access to data, these factors are not included in this study.  
After all, this research has reflected on the urban expansion back from 1999 to 2013, the 
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spatial patterns provide implications for urban planning in the future. During this period, the 
urban expansion of Beijing is one example of Chinese cities, albeit a special one. The land 
urbanization is the synthetic result of planning and policies, economic growth and demographic 
change. And the local government is increasingly using the tool of comprehensive planning to 
limit the population growth and land sprawl. In the most current 2016 comprehensive plan, a 23 
million population cap by 2020 is assigned to the municipality of Beijing, and it is believed that 
the local government may apply any approach to hold down the population growth and achieve 
that goal. Correspondingly, Beijing also downsizes the amount of land for urban construction and 
designated new boundaries for ecological preservation and urban development. As further 
reckless land development would be restricted, different control method and redevelopment plan 
could be applied to different areas of the city with the understanding that the driving forces for 
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